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ABSTRACT
The magnetic chemically peculiar (mCP) stars of the upper main sequence exhibit
strong, globally organized magnetic fields that are inclined to the rotational axis and
facilitate the development of surface abundance inhomogeneities resulting in photo-
metric and spectroscopic variability. Therefore, mCP stars are perfectly suited for a
direct measurement of the rotational period without the need for any additional cali-
brations. We have investigated the rotational properties of mCP stars based on an un-
precedentedly large sample consisting of more than 500 objects with known rotational
periods. Using precise parallaxes from the Hipparcos and Gaia satellite missions, well-
established photometric calibrations and state-of-the-art evolutionary models, we have
determined the location of our sample stars in the Hertzsprung-Russell diagram and
derived astrophysical parameters such as stellar masses, effective temperature, radii,
inclinations and critical rotational velocities. We have confirmed the conservation of
angular momentum during the main sequence evolution; no signs of additional mag-
netic braking were found. The inclination angles of the rotational axes are randomly
distributed, although an apparent excess of fast rotators with comparable inclination
angles has been observed. We have found a rotation rate of υ/υcrit ≥ 0.5 for several
stars, whose characteristics cannot be explained by current models. For the first time,
we have derived the relationship between mass and rotation rate of mCP stars, and
provide an analysis that links mass and rotation with magnetic field strength. Our
sample is unique and offers crucial input for forthcoming evolutionary models that
include the effects of magnetic fields for upper main sequence stars.
Key words: stars: chemically peculiar – stars: rotation – stars: evolution – stars:
magnetic field
1 INTRODUCTION
Rotation is a key property of stars, which is correlated with
many stellar properties and influences numerous stellar ob-
servables. It is a strong function of mass and evolutionary
state, and can thus be used to derive relevant information
on the investigated objects. Observed equatorial rotational
velocities range from about a few m s−1 up to ∼400 km s−1
for the most massive stars (e.g. Zorec & Royer 2012), imply-
ing that some stars are rotating at a large fraction of their
break-up velocity.
Among (single) main sequence (MS) stars, two rota-
tional velocity regimes exist, with the transition occurring at
a temperature of about 6200 K (late F-type; mass ∼1.3 M).
? E-mail: mnetopil@physics.muni.cz
This transition has come to be known as the Kraft break
(Kraft 1967) and is connected to the presence (or absence)
of a substantial surface convective zone that is needed to
generate the magnetic winds that are believed to play an
important role in angular momentum (AM) loss. Early-type
stars hotter than ∼6200 K are generally fast rotators, while
the cooler, late-type stars tend to be slow rotators with typ-
ical periods on the order of tens of days (e.g. Zorec & Royer
2012).
However, an excess of slow rotators among early MS
stars, particularly among the late B, A and early F stars,
has long been established (e.g. Slettebak 1954). Rotational
velocities in this region of the Hertzsprung-Russell diagram
(HRD) roughly follow a bimodal distribution (Abt & Morrell
1995), with a clear tendency of the slow rotators to deviate
from normality in regard to chemical composition. Thus,
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most (but not all, e.g. Wolff 1968; Zorec & Royer 2012) of
these abnormally slow rotators are so-called chemically pe-
culiar (CP) stars, which have attracted much attention con-
cerning the mechanisms behind the observed peculiarities,
including the cause of the observed low rotational velocities.
About 10−15% of upper MS stars between spectral
types early B and early F are characterized by peculiar abun-
dances of one or several elements. Accordingly, these objects
are referred to as CP stars. The observed abundance anoma-
lies are generally explained by the interplay of selective pro-
cesses (radiative levitation, gravitational settling) operating
in the calm radiative atmospheres of these stars (Richer et al.
2000).
CP stars are commonly divided into four subgroups
(Preston 1974): CP1 stars (the metallic-line or Am/Fm
stars), CP2 stars (the magnetic Bp/Ap stars), CP3 stars
(the HgMn stars) and CP4 stars (the He-weak stars). Ad-
ditional groups of CP stars have been defined, like e.g. the
He-strong stars. CP2 and CP4 stars1, which are the subject
of the present investigation, are set apart from other groups
of CP stars by the presence of globally organized magnetic
fields from about 300 Gauss (G) to several tens of kiloGauss
(kG) (e.g. Aurie`re et al. 2007; Kochukhov 2011).
The mCP stars are notorious for showing a non-uniform
distribution of chemical elements on their surfaces, which
results in the formation of spots and patches of enhanced
element abundance (Michaud et al. 1981). Therefore, as a
result of rotation, strictly periodic changes are observed in
the spectra and brightness of many CP2 stars, which are
well described by the oblique rotator model (Stibbs 1950).
CP2 stars exhibiting photometric variability are tradition-
ally referred to as α2 Canum Venaticorum (ACV) variables.
1.1 Rotation of magnetic CP stars
During the past decades, many investigators have con-
tributed to the present state of our knowledge of the ro-
tational properties of CP stars. A thorough discussion and
summary of these contributions is beyond the scope of this
paper; however, a short overview over the field is given be-
low, with special emphasis on the mCP stars.
It has been well established that CP stars rotate on av-
erage more slowly than normal stars of the same spectral
types (e.g. Sargent 1964; Conti 1965; Slettebak 1970; Abt &
Morrell 1995; Zorec & Royer 2012), and that this discrep-
ancy is not due to CP stars being rapid rotators seen pole-on
(e.g. Wolff 1967; Preston 1970a). It has therefore been sug-
gested that slow rotation (equatorial velocity <∼ 120 km s−1;
Murphy 2014) is a necessary (but not sufficient, e.g. Wolff
1968; Zorec & Royer 2012) preliminary for the development
of chemical peculiarities.
CP stars do not simply constitute a slowly rotating trail
of “normal” A-type stars; instead, their rotational velocities
follow a Maxwellian distribution with an average value 3−4
times lower (Preston 1970a; Wolff 1981; Ste¸pien´ 1998). This
bimodal distribution of rotational velocities among early MS
stars is e.g. clearly illustrated in the work of Abt & Morrell
(1995).
1 For ease of use, CP2/4 stars are referred to hereafter as mag-
netic CP (mCP) stars.
In consequence, CP stars were assumed to form a sep-
arate population, for which a special mechanism of AM
loss is operating or has been operating in the past. CP1
stars are mostly members of short-period binary systems
(2 ≤ Porb ≤ 10 d), and it has been postulated that tidal in-
teractions have reduced rotational velocities in this group of
CP stars (Abt 2009).
The situation is quite different for mCP stars, which are
less often found in binary systems (e.g. Gerbaldi et al. 1985;
North & Debernardi 2004; Bernhard et al. 2015b). However,
they are characterized by measurable magnetic fields that
may attain strengths of several kG, which indicates a pos-
sible relation between the observed slow rotation and the
presence of a strong magnetic field.
There exists a population of very slowly rotating objects
among the mCP stars (e.g. Wolff 1975), with periods that
must in some cases be of the order of ∼300 yr, and may pos-
sibly reach up to 1000 yr (Mathys 2016). Past studies have
established an apparent excess of these extremely slow rota-
tors, in which a very efficient braking mechanism seems to
be operating. Within a given sample of mCP stars, the very
long-period objects seem to be overrepresented by a factor
of 40−60 (Preston 1970a; Wolff 1975). However, before the
background of the huge increase in the number of known ro-
tation periods of mCP stars during the last decades, it would
be very interesting to reinvestigate this matter. The actual
excess factor, however, is not straightforward to determine
and beyond the scope of the present investigation.
Both short- and very long-period mCP stars share the
same properties (Wolff 1975), which suggests a common ori-
gin of the observed variability. Although there have been
attempts to attribute the observed extremely long-period
variations to some other cause than rotation (magnetic cy-
cles; precession, cf. e.g. Bychkov et al. 2012), it seems secure
that the oblique rotator model is applicable throughout the
whole period range of mCP stars and that the period of the
observed variations, regardless of the involved time-scales, is
the rotation period. This leads to a spread in rotational ve-
locities of about 5−6 orders of magnitude among the A-type
stars, which is unique among non-degenerate stars (Mathys
2015).
The peculiar distribution of rotation periods among
mCP stars presents a major theoretical challenge and has
not been fully understood. Much attention has been devoted
to the question of the origin of the observed abnormally
slow rotational periods of mCP stars. The assumption that
mCP stars are formed from proto-stellar clouds exhibiting
very low AM could not be substantiated by observations of
mCP stars belonging to clusters and associations (cf. Ste¸pien´
1998). The main focus of the discussion, therefore, has been
on the question whether the observed slow rotation is ac-
quired during life on the MS or whether AM is lost during
the pre-main sequence (PMS) phase of stellar evolution (cf.
the discussion in Ste¸pien´ 2000).
Theoretical support and observational evidence were
coming forth in favour of both approaches. Earlier work
suggested magnetic braking to occur during the MS phase
(Havnes & Conti 1971) and observational evidence seemed
to back this up (Stift 1976; Abt 1979; Wolff 1981). With the
accumulation of more data, however, it was established that
the period distribution of mCP stars in young open clusters
is indistinguishable from that of much older field stars (Har-
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toog 1977; Borra et al. 1985; Klochkova & Kopylov 1985),
thereby disproving the earlier assumption. It is worth men-
tioning, though, that a lengthening of the rotational period
has been found in some mCP stars (Mikula´sˇek et al. 2009;
Townsend et al. 2010), which has been interpreted as brak-
ing due to magnetized winds.
North (1985) discussed the occurrence of rotational
braking in mCP stars by investigating the correlation be-
tween age and periods of field mCP stars, using gravity as a
proxy for stellar age. His results indicated an anticorrelation
between the investigated parameters – as log(g) decreases,
rotational periods increase. This is entirely consistent with
the conservation of AM during stellar evolution; no sugges-
tion for the existence of a braking mechanism operating dur-
ing the MS phase was found. Some years later, these results
were verified using the newly available Hipparcos data by
the same author for mCP stars exhibiting enhanced abun-
dances of Silicon (North 1998). These findings were backed
up e.g. by Ste¸pien´ (1998), who also did not find evidence
for a significant AM loss on the MS and concluded that, in
agreement with the general consensus, mCP stars must lose
a significant amount of their initial AM in the PMS phase of
evolution. More recently, a study of the PMS progenitors of
the mCP stars (Alecian et al. 2013) suggests that all the AM
loss is indeed completed at very early evolutionary stages.
In their thorough investigation into the evolutionary
status of mCP stars, Kochukhov & Bagnulo (2006) stud-
ied the relation of rotation period and surface gravity and
provided evidence that older stars rotate more slowly. It was
found that, for the more massive mCP stars (M ≥ 3.0 M),
no evidence exists for significant changes in AM during the
MS lifetime – the observed correlation of period and age is
fully explained by loss of inertia due to stellar evolution. The
situation was less clear for the lower mass mCP stars. While
no results were found for the mass regime M ≤ 2.0 M, the
authors do not rule out that mCP stars in the mass range
2.0 M≤ M ≤ 3.0 M might have undergone AM loss during
the MS phase.
2 COMPILATION OF THE SAMPLE
New or improved data on the rotational periods of mCP
stars have appeared recently in the literature, which allow
the investigation of an unprecedentedly large sample of stars
with known rotational periods. In the following, a short
overview over the sources is given, from which rotational
periods of our programme stars were drawn.
As a first step, the catalogue of mCP star periods com-
piled by Renson & Catalano (2001) and the International
Variable Star Index of the AAVSO (VSX; Watson 2006)
were searched for data on rotational periods. The latter com-
pilation incorporates the data of the General Catalogue of
Variable Stars (Samus et al. 2009) and is the most up-to-
date source on variable star data. In addition to that, pe-
riods were drawn from Wraight et al. (2012), who analysed
the light curves of a large sample of mCP stars using data
obtained with the STEREO spacecraft. About 80 ACV vari-
ables were identified in this way.
The All Sky Automated Survey (ASAS) is a project that
aims at continuous photometric monitoring of the whole sky,
with the ultimate goal of detecting and investigating any
Table 1. Period sources and number of period values taken from
each source.
Source #period values
Period compilation (Renson & Catalano 2001) 201
VSX (Watson 2006) 67
STEREO (Wraight et al. 2012) 51
ASAS-3 (Bernhard et al. 2015b) 98
WASP (Bernhard et al. 2015a) 11
ASAS-3 (Hu¨mmerich et al. 2016) 92
Number of stars in the sample 520
kind of photometric variability (Pojman´ski 2002). Employ-
ing data from the third phase of the ASAS project (ASAS-3),
Bernhard et al. (2015b) and Hu¨mmerich et al. (2016) in-
vestigated known or suspected mCP stars from the Renson
& Manfroid (2009) catalogue. In total, 673 bona-fide ACV
variables and candidates were identified. Likewise, Bernhard
et al. (2015a) used publicly available data from the Super-
WASP survey, which resulted in the discovery of an addi-
tional 80 new ACV variables. These results were also incor-
porated into the present investigation.
In the case of objects with multiple entries in any of
the aformentioned sources, we have adopted the most recent
results. In this way, periods were compiled for more than
1300 stars in total.
As next step, we searched for parallax measurements in
the Hipparcos catalogue (van Leeuwen 2007) and the recent
Data Release 1 of the Gaia satellite mission (Gaia Collab-
oration et al. 2016a,b). Parallaxes with an accuracy better
than 25 % were retrieved for about 880 objects, and the more
accurate parallax was adopted if measurements were avail-
able in both data sets. Furthermore, we queried for pho-
tometric data that allow an estimate of effective tempera-
ture (see Section 3). The validity of the mCP classification
of our programme stars was investigated by employing the
MK spectral types listed by Skiff (2014), photometric pe-
culiarity indices in the ∆a and Geneva systems (Paunzen
et al. 2005) and additional information such as measure-
ments of the magnetic field strength. Objects whose status
as mCP stars is uncertain were excluded. Likewise, we de-
cided against introducing correction terms for known spec-
troscopic binary systems and dropped these objects from our
sample. However, the lack of appropriate photometric data
has been the main limiting factor responsible for reducing
our final sample to 492 CP2 and 28 CP4 stars.
Table 1 provides an overview over the employed period
sources and the number of period values for the stars that
entered the final sample. Figure 1 shows the distribution of
rotational periods in the original starting sample of about
1300 stars and in the final one. Both agree well, assuring
that the selection process does not introduce a significant
bias in the distribution.
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Figure 1. Distribution of rotational periods. The grey area rep-
resents the complete sample of about 1300 stars; the red line
denotes the distribution in our final sample of 520 stars.
3 DETERMINATION OF ASTROPHYSICAL
PARAMETERS
Spectroscopic effective temperatures are only available for a
small number of mCP stars (Netopil et al. 2008), thus we had
to fall back on photometric data to derive this parameter.
We queried ‘The General Catalogue of Photometric Data’
(GCPD2) and Paunzen (2015) for measurements in three
photometric systems (UBV , Stro¨mgren–Crawford uvbyHβ,
and Geneva) which allow the calibration of effective temper-
ature for mCP stars (Netopil et al. 2008). For B-type stars,
the majority of objects in our sample, all systems provide an
estimate of interstellar reddening (see overview by Netopil
et al. 2008). For cooler stars, however, we had to rely on red-
dening calibrations in the uvbyHβ system (Napiwotzki et al.
1993). Additionally, we adopted BV photometric data from
Kharchenko (2001) and JHKs photometry from the Two Mi-
cron All Sky Survey (Skrutskie et al. 2006), as well as pho-
tometric data from the Wide-field Infrared Survey Explorer
(Wright et al. 2010). Only measurements with S/N > 5 were
employed from the last two sources.
For the stars with an estimate of reddening, we also fit-
ted the spectral energy distribution (SED), which was com-
piled from all available data, using the VO Sed Analyzer
(VOSA; Bayo et al. 2008) tool. Wraight et al. (2012) derived
a temperature correction for CP2 stars based on SED fitting,
using, however, a different SED fitting application. In order
to investigate the validity of our approach, we have com-
pared our results with those of the aforementioned study.
While for CP2 stars cooler than TSED = 10000 K no correc-
tion is necessary, hotter stars in this group follow the linear
relation Teff(K) = 1110(240) + 0.889(20)TSED, in good agree-
ment with Wraight et al. (2012). This result has been based
on almost 300 objects for which we applied at least two tem-
perature calibrations of Netopil et al. (2008). Our sample of
CP4 stars is considerably smaller; however, using 25 objects,
we notice that TSED is underestimated by 660 ± 470 K.
Finally, we derived mean Teff values, which have been
2 http://gcpd.physics.muni.cz/
based on at least two different calibrations. Most effective
temperature values rely on four or more individual esti-
mates. The mean standard deviation is 260 and 370 K for
CP2 and CP4 stars, respectively, but we associate uncer-
tainties of at least 500 and 700 K, as proposed by Netopil
et al. (2008). From this reference, we also adopt the bolo-
metric correction for mCP stars as a function of tempera-
ture, in order to finally derive luminosities employing the
Hipparcos or Gaia parallax, the reddening values, the com-
piled V magnitudes, and the absolute bolometric magnitude
of the Sun (4.74 mag). The error of the luminosity takes
into account an error propagation that includes fixed uncer-
tainties of 0.05 mag for the V magnitude and E(B − V), and
the individual distance error. The bolometric correction was
calculated as a function of effective temperature, thus the
error of temperature contributes to the total luminosity un-
certainty as well. Additionally, we adopt an error of 0.05 mag
for the bolometric correction calibration itself.
Several stellar evolutionary models are available in the
literature, but the use of different input physics renders an
appropriate choice complex (see e.g. the comparison by Stan-
cliffe et al. 2016). In the case of mCP stars, an additional
error source is introduced by magnetic fields as missing in-
put physics. Furthermore, mCP stars exhibit peculiar abun-
dance patterns on the stellar surface, but the chemical bulk
composition remains unknown. We have thus assumed solar
metallicity – an inference, which has been generally justified
through the comparison of mCP cluster stars (Landstreet
et al. 2007) with the overall metallicity of their respective
host clusters (Netopil & Paunzen 2013; Netopil et al. 2016).
Furthermore, all objects are reasonably close ( 1 kpc), so
that solar metallicity is likely to be a reasonable assump-
tion. However, we note that mCP stars have been proved to
also exist in low-metallicity environments, such as the Large
Magellanic Cloud (Paunzen et al. 2006, 2011).
Fig. 2 shows the positions of our programme stars in
the HRD. We have finally used the evolutionary tracks for
Z=0.014 of the Geneva group (Ekstro¨m et al. 2012; Georgy
et al. 2013) because these models are also available for sev-
eral rotation rates and are thus best suited to our purpose.
However, for deriving stellar mass, we have adopted non-
rotating models, because slow rotation is a well-known char-
acteristic of mCP stars. We note that rotation does not have
a significant impact on the derived mass; at a rotation rate
of 40 % of the critical velocity, the derived masses are on
average lower by only about 1 %, which is well below the
estimated errors of the mass (<∼ 15 %).
Fig. 3 illustrates the mass distribution of our sample
stars. As further discussed in Section 4, two objects were
excluded, so that the plot has been based on 518 stars.
From Figs. 2 and 3, we can immediately infer that the pro-
gramme stars cover the mass range from about 1.5 to al-
most 7 M, and that most objects are encountered in the
range 2.0 M≤ M ≤ 4.0 M. Some objects are located below
the zero-age main sequence (ZAMS). However, taking error
estimates into account, only few significant outliers remain.
These could be due either to an effect of metallicity or the re-
sult of erroneous parallax measurements. For some stars, we
have noticed significant differences between the Hipparcos
and Gaia parallaxes, which might explain these objects’ de-
viant positions off the MS. We note that masses for the stars
MNRAS 000, 1–13 (2017)
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Figure 2. Positions of the final sample of mCP stars in the HRD.
CP2 and CP4 stars are denoted by filled and open circles, respec-
tively. Also shown are stellar evolutionary models by Ekstro¨m
et al. (2012) and the terminal-age MS by Bressan et al. (2012)
(dotted line). Some mass tracks and the typical (mean) error of
the parameters are indicated. We note that two objects were ex-
cluded from the initial sample as discussed in Section 4; therefore,
the plot has been based on 518 objects.
below the ZAMS were derived by adopting the correspond-
ing nearest positions on the ZAMS.
Similar effects might be responsible for the position of
the stars in our sample which are located above the TAMS.
In general, mCP objects are MS stars, but it remains un-
known whether and to what extent photometrically visible
spots are still present during the evolution off the MS. It has
to be noted that, beside the effect of rotation, the width of
the MS is also a matter of the adopted overshooting param-
eter in the models. Ekstro¨m et al. (2012) used dov = 0.10HP3
for M > 1.7M, while for example Bressan et al. (2012)
adopt dov ∼ 0.25HP for M > 2M. We show the TAMS of
the latter model for Z=0.014 in Fig. 2 and note that the posi-
tion of the ZAMS agrees very well in both models. Recently,
Claret & Torres (2016) derived the overshooting parameter
in a semi-empirical way and obtained dov ∼ 0.20HP for stars
more massive than 2M, in reasonable agreement with the
value adopted by Bressan et al. (2012). There are only two
objects (HD 40394 and HD 171247) that are located well
3 HP is the pressure scale height.
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Figure 3. Mass distribution of the final sample of mCP stars as
shown in Fig. 2.
above the MS band defined by Bressan et al. (2012), and
we have not found any hints for assuming a possible shift
towards higher luminosities (e.g. caused by binarity).
The stellar evolution on the upper MS (Salaris & Cas-
sisi 2006) is defined by the fact that upper MS objects have
fully mixed cores because of convection. Therefore, the abun-
dance of hydrogen decreases uniformly throughout the core.
In the final stages of its MS lifetime, the star contracts in
an attempt to maintain energy production by increasing its
core temperature. As hydrogen is exhausted, the star reaches
the TAMS and establishes a hydrogen-burning shell source
around a helium core (luminosity classes IV and III), fol-
lowed by the development of a degenerate carbon–oxygen
core (luminosity classes III and II).
On the basis of Hipparcos data, Paunzen (1999) showed
that the controversial status of luminosity class IV (Keenan
1985) is apparent. There seems to be no distinction in ab-
solute luminosity between stars of spectroscopic luminos-
ity classes IV and V. Furthermore, a considerable overlap
between these classes and luminosity class III exists, with
only the brightest class III objects being well separated from
those of class V. This implies that luminosity class IV should
be rejected.
Do CP B- and A-type stars of luminosity class III or II
exist? Loden & Sundman (1989) examined 23 stars (four in
binary systems) that had been classified as giant CP stars
in the literature but found no evidence that these objects
are considerably more luminous than MS stars of the same
effective temperature. We have investigated the available
spectral classifications and literature data for these objects.
Most classifications are based on photographic plates from
the Michigan spectral catalogues and indicate strong sili-
con lines. Since these lines are also enhanced in giants and
employed as luminosity criterion, a corresponding misclas-
sification is suggested, as also discussed in Loden & Sund-
man (1989). This has also been supported by CCD spectra,
which became available later for some of these objects (e.g.
HD 41089, HD 44293 and HD 152273) and show no pecu-
liar composition. Luminosities from the Hipparcos catalogue
further delimitate the sample. To sum up, no good candi-
MNRAS 000, 1–13 (2017)
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date for an evolved classical CP star remains. If such objects
really exist, they seem to be very rare.
Aurie`re et al. (2008) concluded that the slowly rotating
(period of about 300 d), active, single G-type giant EK Eri
(HD 27536) is the descendant of a strongly magnetic MS
CP star and inferred a mean surface magnetic field of about
270 G. The observed activity and magnetic field strength are
incompatible with the classical solar-dynamo requirements.
Following the scenario evoked by the above mentioned au-
thors, EK Eri offers the first direct evidence that CP2 stars
evolve to late-type giants maintaining a significant stellar
magnetic field. However, the questions to what extent stel-
lar magnetic fields are stable and diffusion is functioning
during the sub- and giant branch evolution remain largely
unanswered.
4 ROTATION RATES AND INCLINATION OF
ROTATIONAL AXES
The compiled data allowed us to estimate stellar radii and
to derive equatorial velocities, using the following equation.
Veq(km s−1) = 50.579R(R)/P(d) (1)
Furthermore, we used the first critical velocity as adopted
e.g. by Georgy et al. (2013) to obtain the velocity ratio υ/υcrit
(see Fig. 4). Two objects (HD 162651 and HD 190576) show
a physically implausible velocity ratio υ/υcrit > 1.2, suggest-
ing that the adopted periods probably do not represent the
true rotational period, which is supported by a subsequent
analysis of the available photometrical data. We thus ex-
cluded these objects.
Fig. 4 shows that a small fraction of stars (14 objects)
are fast rotators (υ/υcrit ≥ 0.5) with an upper limit around
0.6, corresponding to Veq ∼ 200 km s−1. This provides a strin-
gent constraint for models of mCP stars, the efficiency of dif-
fusion and its interplay with mixing processes. Furthermore,
the question arises under what circumstances the magnetic
field remains stable at these high rotational velocities. Only
for the ‘slowest’ rotating star in this group (HD 19832), an
abundance analysis is available by Shulyak et al. (2010),
which indicates a typical mCP star abundance pattern and
a dipolar magnetic field strength of about 1.5 kG. In total,
five fast rotators have a measured magnetic field strength of
this order. We finally note that all these stars have compa-
rable masses (∼ 3 M) and rotate more than twice as fast as
the most massive mCP (CP4) stars.
Projected rotational velocities (υ sin i) help us to esti-
mate the inclination of the rotational axes, but also allow a
check of the compiled parameters (period and stellar radius).
We therefore queried for such data in the homogenized cat-
alogue by G le¸bocki & Gnacin´ski (2005) and the additional
literature, and retrieved measurements for 220 stars of our
sample. For 25 objects, the data by Levato et al. (1996) indi-
cate only an upper limit of 30 km s−1; therefore, these results
were used for a plausibility control only.
There are 15 stars that show large errors or a υ sin i/Veq
ratio >1, even after taking 2σ into account; for these objects,
no constraint on inclination angle could be derived. We note
that we follow the standard error propagation for σ(Veq) and
adopt 10 km s−1 as a standard error for υ sin i. The above
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Figure 4. Distribution of the velocity ratio υ/υcrit based on 518
mCP stars. Two objects were excluded from the initial sample as
discussed in Section 4.
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Figure 5. Cumulative distribution of observed sin i values of 180
stars (solid step line) and the theoretical expectation if the stellar
rotation axes are randomly distributed (smooth solid line). The
37 objects with sin i > 1 that suggest within the errors a high
inclination angle were added to the last bin. The dotted step line
shows the distribution of the stars after the exclusion of 19 fast
rotators (υ/υcrit > 0.35).
mentioned outliers may be due to erroneous radii, periods,
but also υ sin i values – unfortunately, for most stars, only
one study covering the last parameter is available. A large
fraction of these objects is made up of slow rotators (two-
thirds with υ/υcrit < 0.05). Therefore, an exclusion of these
stars might result in a distortion of the sample. We have thus
chosen to keep them in the sample, but do not consider these
objects in the analysis of the inclination distribution. For
another 37 objects with sin i > 1, large inclination angles are
most likely within the errors. The error of i increases towards
larger angles (but also towards smaller rotational velocities);
we thus analyse the distribution of the rotational axes in the
sin i domain.
Fig. 5 has been based on 180 stars and confirms in prin-
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Table 2. Rotational properties of mCP stars. Indicated are the
median values of the mass, the velocity ratio υ/υcrit, the observed
velocity Veq,obs and the velocity that we derived for the ZAMS
using stellar evolutionary models Veq,ZAMS. The number of stars
used for the calculation of υ/υcrit and Veq,obs is provided in the last
column. The median absolute deviations are given in parentheses.
Mass υ/υcrit Veq,obs Veq,ZAMS No. of stars
(M) ( km s−1) ( km s−1)
1.83(12) 0.08(3) 28(12) 31 21/18
2.31(11) 0.10(4) 37(15) 42 80/63
2.76(11) 0.12(5) 49(16) 54 125/94
3.22(13) 0.14(6) 55(21) 63 110/79
3.70(12) 0.15(6) 62(23) 73 81/37
4.47(27) 0.17(5) 85(16) 87 37/15
ciple previous conclusions (e.g. Abt 2001) that rotational
axes are randomly distributed. However, there is an excess
of stars with moderate i values (∼ 20–40◦), which might be
caused by the presence of faster rotators (υ/υcrit > 0.35)
in the sample. Their exclusion results in better agreement
with the theoretically expected random distribution in this
angle range, but also leads to a more pronounced deficit of
stars seen almost pole-on. Certainly, the detection proba-
bility of the rotation period due to photometric variability
caused by abundance spots decreases towards smaller incli-
nation angles. However, as for the slow rotators, a cut at
the fast rotator tail introduces a statistical bias as well, in
particular because there are some well-confirmed faster ro-
tators among mCP stars. Nevertheless, the reason for the
concentration of fast rotators at lower inclination angles re-
mains unclear. This might be owed to systematic errors in
the determination of larger υ sin i values and the neglection
of the observed difference of effective temperature between
the pole and the equator, to mention two possible causes.
5 EVOLUTION OF ROTATIONAL PERIODS
The stellar age or the fractional MS age are both quite model
dependent owing to the adopted overshooting parameter and
the resulting width of the MS. We have therefore resorted
to using log g as evolutionary parameter. A straightforward
estimate is possible with
log(g/g) = log(M/M) + 4log(Teff/Teff) − log(L/L) (2)
and the recommended IAU values for the Sun (log g =
4.438 and Teff = 5772 K). It becomes obvious that the un-
certainty of Teff contributes most to the error of log g (the
typical error amounts to <∼ 0.2 dex).
There certainly exists a dependence of rotation with
mass; we have therefore grouped the stars according to their
mass. The large number of mCP stars allowed us to define
narrower mass groups than used in previous works, and the
sample was split into groups with a bin size of 0.5 M in the
main mass range 2.0 M≤ M ≤ 4.0 M. We first investigated
the dependence of rotational speed on mass. The periods,
and – to a somewhat smaller extent – also Veq, show evo-
lutionary changes. On the other hand, the υ/υcrit ratio is
almost constant for rigid rotators on the MS, in particular
at slow rotation rates (see e.g. Zorec & Royer 2012).
1 . 5 2 . 0 2 . 5 3 . 0 3 . 5 4 . 0 4 . 5 5 . 00 . 0 0
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Figure 6. The velocity ratio υ/υcrit as a function of mass as listed
in Table 2. The solid line is the linear dependence according to
Equation 3.
Table 2 and Fig. 6 show the median rotational proper-
ties for the individual mass ranges. In order to reduce the
influence of stellar evolution on Veq, we excluded potentially
evolved stars by imposing the restriction log g > 4.0, but for
the calculation of the υ/υcrit ratio, the complete sample was
used. However, objects deviating by more than 2σ from the
initial mean values were excluded in the calculations. Fur-
thermore, we took care that stars with longer periods do not
distort the results by a careful evaluation of the distribution
of periods in the respective mass groups (cf. Fig. 7). If an
outlying long-period object was found to exact a profound
influence on the resulting fit, it was removed from consid-
eration. In this way, a few mostly lower mass stars with
periods longer than 25 d were removed. For comparison, we
have also provided the values of Veq that were derived from
the observed υ/υcrit ratio and the model of the ZAMS by
Ekstro¨m et al. (2012). These agree well within the errors,
although values from the latter source are all higher by a
small amount owing to evolutionary effects. As can be seen
in Table 2 and Fig. 6, the median absolute deviations are
quite large and generally exceed the individual errors of the
derived equatorial velocities and velocity ratios. Thus, there
is either an intrinsic spread of the velocities or other proper-
ties (most likely the magnetic field strength) might introduce
an additional broadening. However, a clear increase of the
velocities with mass is noticeable. If we exclude the highest
mass group, which covers by far the largest range of masses
and therefore might introduce a distortion, we derive the
linear dependence
υ/υcrit = 0.006(5) + 0.040(2)M/M (3)
with a correlation coefficient R = 1.0. We note that the in-
clusion of the highest mass group does not alter this result
significantly and still provides R = 0.99.
Fig. 7 shows the evolution of the rotational periods
as a function of log g for the individual mass groups. Fur-
thermore, as comparison we include the rotation models by
Georgy et al. (2013), which were interpolated to match the
observed velocity ratios for the respective masses as listed
in Table 2. A very good agreement with the models that
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follow conservation of AM was noticed for all mass ranges.
Thus, strong additional magnetic braking along the MS can
be ruled out, at least for a “typical” mCP star. This con-
firms the results of previous studies, such as North (1998)
or Ste¸pien´ (1998), who found evidence for the conservation
of AM during the stellar evolution of mCP stars. However,
as briefly mentioned in Section 1.1, a change of the rotation
period has been observed in a few mCP stars.
Most of the stars with the longest periods are found in
the mass range 2.0 M < M ≤ 2.5 M, which is also notice-
able in the work of Kochukhov & Bagnulo (2006). Preston
(1970b) presented 25 CP2 and 10 CP3 stars with υ sin i val-
ues lower than 10 km s−1, for which he inferred a rotational
period longer than 16 d. We have to emphasize that the 25
CP2 stars are all of SrCrEu type. Wolff (1975) later con-
firmed these results, adding that no Si star with a rotational
period longer than 20 d is known. However, in Fig. 7, few
higher-mass stars with longer periods are included. As was
shown by Deutsch (1967), a Maxwellian distribution satis-
factorily describes the distribution of rotational velocities of
normal upper MS stars. With the availability of extended
data sets with higher precision, a bimodal distribution was
found (Abt & Morrell 1995) and an excess of slow rotators
was established (cf. also Section 1.1). Both subsamples fol-
low individual Maxwellian distributions with a mode of ∼50
and ∼200 km s−1(Zorec & Royer 2012), respectively.
Dworetsky (1974) investigated the rotational velocities
of A0 stars in a statistical sense. The final list includes
215 stars. For the statistical analysis, the υ sin i values were
binned to 40 km s−1. Within this sample, he found that 8% of
all stars are intrinsically slowly rotating stars. This number
corresponds to a overrepresentation factor of 2.5 (see Fig. 3
therein). Hubrig et al. (2000) investigated a sample of 160 A-
type stars for which precise Hipparcos parallaxes and υ sin i
values are known. They used a binning size of 30 km s−1. It
is concluded that they do not find any excess of slow rota-
tors. However, the distributions of the rotational velocities
as well as υ sin i values (Figs 3–6 therein), divided for appar-
ently young and old stars, clearly show a significant excess of
slowly rotating stars compared to expectations from the dis-
tribution of the true rotational velocities. Their conclusion,
on the other hand, is based on the fit of a Maxwellian dis-
tribution of the observed rotational velocities not corrected
for the orientation of the rotational axes. Because they have
not published the used υ sin i values, we deduced from the
combined numbers of Figs. 5 and 6, an over-representation
factor of about 5.
Using both, the large starting sample of about 1300
stars and the final working sample, and the expected fre-
quency of long-period mCP stars (> 160 d) by Wolff (1975),
we obtain an excess factor of about 10. This factor increases
to about 30 and 40 if we consider stars with spectral types
later than about A0. However, we note that the samples
cannot be considered statistically representative, and as al-
ready mentioned in Section 1.1, the estimation of the actual
excess of very slow rotators is not a trivial task and beyond
the scope of this paper.
Within this context, the question arises how many
stars with periods of years or even decades have not yet
been detected. One of the first attempts to measure peri-
ods of this order was undertaken in the framework of the
Long-Term Photometry of Variables programme at the Eu-
ropean Southern Observatory (Sterken et al. 1995). Dur-
ing 12 yr (1982–1994), high precision photoelectric obser-
vations were performed, which resulted in the detection of
rotational periods for many CP stars. More recent surveys
based on CCD observations, such as ASAS-3 (2000 – 2009)
and SuperWASP (since 2004), suffer from instrumental and
reduction-based long-term trends that are difficult to distin-
guish from true intrinsic stellar variability (Bernhard et al.
2015a; Hu¨mmerich et al. 2016). Similar problems arise when
data sets obtained with different instruments and passbands
are merged (Mikula´sˇek et al. 2010). One has to keep in
mind that the amplitudes of variability observed in mCP
stars generally do not exceed ∼0.05 mag (Manfroid & Ren-
son 1994), which implies that a scatter of less than 0.01 mag
has to be maintained over a period of years. To our knowl-
edge, in the last decade, no efforts were made to merge and
analyse archival and new photometric observations in order
to search for periods on time-scales of years. An investiga-
tion into this matter is sure to result in the detection of new
mCP stars with very long periods, which would further in-
crease the observed discrepancy among the slowly rotating
objects.
About 60 mCP stars of the cool SrCrEu type also ex-
hibit photometric variability in the period range of 5–25
min (high-overtone, low-degree, and non-radial pulsation
modes). These stars are known as rapidly oscillating Ap
(roAp) stars (Kurtz 1982), and several of the slowest ro-
tating cool mCP stars (e.g. γ Equulei) belong to this group.
Generally, only a very narrow astrophysical parameter and
atmosphere regime seems to actually allow the excitation of
roAp pulsations, which explains the rarity of these objects.
Kurtz (1982) introduced the oblique pulsator model, which
assumes that the star pulsates about its magnetic axis. The
observed frequency is then split in three components with
amplitude ratios depending on the alignment of the magnetic
and rotational axis. Kochukhov (2005) investigated the ef-
fect of the rotational period on the pulsational amplitude.
He found that slow rotators tend to have larger amplitudes,
depending on the effective temperature. However, a detailed
theoretical investigation into this matter has yet to be per-
formed.
6 INFLUENCE OF MAGNETIC FIELD
STRENGTH ON STELLAR ROTATION
Much effort has been spent in the investigation of the causes
behind the observed spin-down in mCP stars. The ubiqui-
tous presence of magnetic fields in these objects, which can
potentially affect their rotational properties, offers a natural
starting point for investigations (Mathys 2015).
The currently favoured theory supposes a fossil origin
of the field, i.e. it is supposed to be a relic of the inter-
stellar magnetic field that has been “frozen” into the stel-
lar plasma. Several correlations between the magnetic and
rotational properties of mCP stars have been proposed.
Kochukhov & Bagnulo (2006) found evidence that massive
stars (M ≥ 3.0 M) are intrinsically more magnetic than their
low-mass analogues. Furthermore, a correlation between
magnetic field and rotation period for intermediate-mass
stars (2.0 M≤ M ≤ 3.0 M) was suggested. Hubrig et al.
(2007) also postulated a preference for stronger magnetic
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Figure 7. Rotation periods as a function of gravity (log g) for the defined mass ranges. CP2 and CP4 stars are indicated by filled and
open circles, respectively. The solid lines represent the rotation models by Georgy et al. (2013) for the masses and velocities listed in
Table 2.
fields to occur in younger and more massive stars. Mathys
(2016) found that the strongest magnetic fields are solely
found in stars with rotation periods shorter than ∼150 d.
Furthermore, it seems to be established that stars with
Prot< 100 d and Prot> 1000 d exhibit large values of the
angle between the magnetic and rotation axes (β). However,
more long-term data are needed to corroborate most of the
above mentioned assumptions (Mathys 2016), and it is not
clear in what way they are connected to the actual processes
at work in the spin-down of mCP stars.
As has been outlined in Section 1.1, the currently
favoured theory evoked to explain the observed differences in
rotational velocities among early MS and mCP stars is AM
loss during the PMS phase of stellar evolution. The most de-
tailed investigation into the underlying causes is the seminal
work by Ste¸pien´ (2000), who discussed the early evolution
of mCP stars and explained the observed slow rotation as
being due to the interaction of the stellar magnetic field with
the circumstellar environment during the PMS phase.
However, some mCP stars rotate with periods in the
range of years to centuries. According to the scenario in-
voked by Ste¸pien´ (2000), these very slow rotation periods
can be achieved only in the case of lower mass stars with
correspondingly long PMS lifetimes. After an early disap-
pearance of the circumstellar disc, strong magnetized winds
can slow down rotation during the long time of approach to
the ZAMS, resulting in periods up to ∼100 years.
Observational evidence seems to confirm that extremely
slowly rotating mCP stars are found among lower-mass stars
with strong magnetic fields (Ste¸pien´ 2000). Evidence has
been mounting, though, that other mechanisms might also
play a part in the spin-down of these extreme objects as
stars with the longest periods do not necessarily show also
the very strongest magnetic fields (Mathys 2016).
In summary, the presence of a primordial magnetic field
of moderate strength is able to explain the observed mean
rotation rates of chemically normal early MS stars and mCP
stars (Ste¸pien´ 1998). The resulting ZAMS period of mCP
stars is determined by the details of the complex interac-
tion between the stellar magnetic field and the circumstellar
environment during the PMS phase (Ste¸pien´ 2000).
For the study of the dependence of rotation on mag-
netic field strength, we intended to use magnetic field in-
dicators that represent the surface field strength best. The
mean magnetic field modulus 〈B〉av certainly provides the
best measure of the actual field strength, but resolved
magnetically-split lines can generally be measured only in
(very) slow rotators with 〈B〉av >∼ 2.7 kG (Mathys 2016).
Mathys (2016) derived and compiled corresponding data
for some dozen stars. On the other hand, the longitudi-
nal magnetic field is by far the most often measured pa-
rameter (e.g. Bychkov et al. 2009), but it is also prone to
the largest variations with phase. Therefore, previous works
(such as Kochukhov & Bagnulo 2006) have adopted the av-
erage quadratic longitudinal field 〈B`〉 (Borra et al. 1983)
in order to reduce the influence of the variability to some
extent. However, statistical conclusions based on this value
are limited by the available phase coverage. Bychkov et al.
(2005) and Aurie`re et al. (2007) analysed rotational phase
curves of longitudinal magnetic field measurements. Based
on the average field B0 and half of the amplitude B1, one
obtains Bmax
`
= |B0 |+B1, and, multiplied by a factor of 3.3, a
lower limit of the surface dipole component of the magnetic
field (see discussion by Aurie`re et al. 2007).
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Figure 8. Magnetic field strength as a function of the rotation
period, the latter corrected by evolutionary and mass effects us-
ing the adopted models (i.e. the differences between observed and
model value as seen in Fig. 7). Black circles represent measure-
ments of the mean magnetic field modulus, grey circles estimates
based on rotational phase curves of the longitudinal magnetic
field and open circles the average quadratic longitudinal field. We
note that the last two represent lower limits of the actual mag-
netic field strength. The vertical dotted line separates stars that
rotate faster (left-hand side) and slower (right-hand side) than
predicted by conservation of AM.
For our sample, we have finally adopted measurements
of the magnetic field strength in the following order: Mathys
(2016), Aurie`re et al. (2007), Bychkov et al. (2005). For the
remaining stars, we have used 〈B`〉 from the list by Bychkov
et al. (2009) as the lowest quality indicator of the magnetic
field strength. From this source, only values based on at least
three measurements were considered which were multiplied
by a factor of 3.3; we emphasize that these values still rep-
resent a lower limit of the actual magnetic field strength.
Employing these criteria, we have compiled corresponding
data for 160 stars in total. In order to compare stars in dif-
ferent evolutionary stages, a correction following conserva-
tion of magnetic flux (B R2) is needed. We have therefore de-
rived the radius ratio R/RZ using the observed radius R/R
and the corresponding radius at the ZAMS (RZ) based on
the models by Ekstro¨m et al. (2012). We note that we have
adopted R/RZ = 1 for the few stars located below the ZAMS
(see Fig. 2).
Fig. 8 shows the magnetic field strength as a func-
tion of rotation period; the latter has been corrected for
effects of stellar evolution and mass. Thus, we have used
∆ log(P) as the difference between the observed period and
the corresponding model value (i.e. the residuals from Fig.
7). Some conclusions can be already drawn from this fig-
ure. All stars with the longest periods have strong mag-
netic fields, but there are much stronger fields among objects
with shorter periods, confirming the findings of e.g. Mathys
(2016). We note that the star with the strongest magnetic
field is HD 215441 (also known as Babcock’s star), which the
author of the last reference considers as a non-representative
member of the mCP star group. The comparison of the mag-
netic field strength of faster and slower rotating stars (em-
ploying the vertical line in Fig. 8 as threshold) shows that
Table 3. Comparison of the mCP stars HD 110066 and
HD 215441.
HD 110066 HD 215441
Period 4900 d 9.5 d
〈B〉av 4.1 kG 33.6 kG
M/M 2.4 ± 0.1 4.2 ± 0.3
R/RZ 1.5 ± 0.2 1.3 ± 0.3
υ/υcrit 0.00 ± 0.00 0.04 ± 0.01
the slower rotating objects have magnetic fields about a fac-
tor of two stronger than encountered in the faster-rotating
stars (median values of ∼ 8 and ∼ 4 kG, respectively). We
have applied a t test, from which we derived a significance
of  95 %.
However, there still is the need to explain the rela-
tionship between the (very) long-period stars with some-
what lower magnetic field strengths and the faster rotating
stars with very strong magnetic fields (such as HD 215441).
The question arises whether we actually have to consider
additional factors beside the magnetic field or whether
HD 215441 is indeed an atypical star, at least in this respect?
So far, we have not considered a possible dependence on
mass, and an examination just in the period domain might
be delusive. Let us compare the properties of the star with
the longest period in the sample (HD 110066) to Babcock’s
star (see Table 3). Clearly, the difference in the magnetic
field strength cannot be explained by conservation of mag-
netic flux, because both objects show comparable R/RZ val-
ues and, owing to the very long period, the rotation rate
υ/υcrit of HD 110066 is almost zero (∼ 10−4 ± 15 %). How-
ever, the masses of these two objects differ significantly (cf.
Table 3). As shown in Fig. 6 and Equation 3, the typical
rotation rates of mCP stars with these masses are 0.10 and
0.17. The difference is larger than we find from the observed
rotation rates of the two stars mentioned above. Thus, if we
take the mass dependency into account, Babcock’s star (as
the more massive one) was actually braked more efficiently
than HD 110066 owing to its extraordinary strong magnetic
field. This shows that a direct comparison might be mislead-
ing and that we need to investigate rotation rates that are
corrected by the mass.
We have used this information to show our sample in
the υ/υcrit domain, normalized to the rotation rate of a 3 M
mCP star using the slope of Equation 3. Fig. 9 clearly in-
dicates that after this normalisation process, the stars with
the strongest magnetic fields are in general also the slow-
est rotators. Note that we needed to exclude several of the
highest mass stars (> 5 M) because of the unknown con-
tinuation of the mass/velocity relation. This might have in-
fluenced the result for HD 175362 (∼ 4.7M) in Fig. 9. This
star and HD 215441 show a negative υ/υcrit ratio after the
normalisation process; we therefore adopt the error as upper
limit.
We have searched our sample for objects that might be
good candidates for exhibiting extraordinarily strong mag-
netic fields, which makes them ideal targets for follow-up ob-
servations. HD 102797, for example, boasts the same mass as
Babcock’s star, but shows a rotation period of 75 d as listed
in VSX (see also Fig. 7), thus about eight times longer than
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Figure 9. Magnetic field strength as a function of the rotation
rate υ/υcrit, the latter normalized to the rotation rate of a 3 M
mCP star. Two stars (HD 215441 and HD 175362) show a nega-
tive υ/υcrit after this correction, we thus adopt 0.01 (the error) as
possible upper limit. The symbols are the same as in Fig. 8, and
we note again that the grey and open symbols represent lower
limits of the actual magnetic field strength.
the ‘magnetic record holder’. The period of the 3.5 M star
HD 69544 (236.5 d) was recently derived by Bernhard et al.
(2015b), but the object is otherwise little studied.
Fig. 9 indicates some faster rotating stars with strong
magnetic fields that we want to discuss briefly. HD 184905 is
the star with the strongest magnetic field in the lower qual-
ity 〈B`〉 sample, though the reference of the measurement
is a private communication from 2002 (see Bychkov et al.
2009) and has apparently still not been published yet. For
the object HD 111133, the strongest magnetic star in the
sample with magnetic phase curves, there might be a prob-
lem with identifying the real rotation period, as discussed
by Wraight et al. (2012). If we adopt the period of 16.3 d as
used by Bychkov et al. (2005) instead of 2.2 d, we derive a
normalized value of υ/υcrit = 0.05.
We want to emphasize that our main intention was the
re-evaluation of evolutionary changes of rotation based on a
much larger sample of mCP stars than had been available
to the authors of previous studies. Thus, the sample is not
best suited for a more detailed investigation of the magnetic
properties. For example, the sample includes only a small
fraction of the stars listed by Mathys (2016). This might be
owed to the selection of references our compilation of peri-
ods has been based on, the exclusion of spectroscopic binary
systems, but also to the adopted quality criteria or missing
information on the parallax. The last two issues will cer-
tainly be improved with the advent of the next Gaia data
releases. Therefore, in a follow-up work, we intend to re-
verse our current approach by starting from a list of stars
with well-known magnetic field strengths, and to compile (or
derive) all other relevant information.
7 SUMMARY AND CONCLUSIONS
We have presented an analysis of the rotational properties of
magnetic CP stars based on an unprecedentedly large sam-
ple consisting of more than 500 objects. Our investigation
was made possible by several recent works that investigated
the rotational periods of mCP stars and, in particular, the
availability of the first data release of the Gaia satellite mis-
sion. We have derived astrophysical parameters for our pro-
gramme stars such as effective temperature, luminosity and
finally mass, equatorial velocity and the rotation rate υ/υcrit.
Our sample covers the well-known mass range of mCP stars
(1.5 M <∼M <∼ 7 M), and the large number of objects allows
to define narrower mass groups than have been employed in
previous investigations.
We have confirmed that the evolution of rotational peri-
ods among mCP stars agrees very well with the assumption
of conservation of AM. No evidence for significant additional
magnetic braking along the MS was found. For this analy-
sis, we have employed recent stellar evolutionary models that
take into account rotation and conservation of AM, and we
have briefly discussed the differences between the available
models. We note that our sample is also well-suited as test-
bed for the investigation of future evolutionary models that
take into account magnetic fields – a certainly challenging
inclusion.
Furthermore, as generally expected, we have confirmed
that the inclination angles of the rotational axes are ran-
domly distributed, although there is an apparent excess of
fast rotators sharing comparable inclination angles. The rea-
son for this remains unclear yet. The group of very fast ro-
tators is small, but by no means negligible. We identified
14 objects that show a rotation rate of υ/υcrit ≥ 0.5, corre-
sponding to equatorial velocities Veq ∼ 200 km s−1. Theoretic
models still need to explain the interplay between diffusion
and mixing processes in the presence of strong (∼ 1.5 kG)
stable magnetic fields at these high rotational velocities.
Stars on the other side of the velocity distribution, the
very slow rotating mCP objects, have obtained much more
attention so far. Our sample includes stars up to rotation
periods of 4900 d, but for some objects even much longer
periods were inferred in the literature. All of these objects
show very strong magnetic fields, although by far not the
strongest ones. Previous studies conclude that the strongest
magnetic stars have periods of less than about 150 d, and
that some of them (in particular Babcock’s star) should be
considered as atypical representatives of the mCP group.
However, as has been shown in this work, an investigation
that only focuses on the period domain can be delusive.
To our knowledge, we have derived for the first time
the relationship between mass and rotation rate of mCP
stars. Nevertheless, we note that a larger sample of massive
mCP stars is needed to trace this relation beyond ∼ 5M.
The dependence between mass and rotation was employed
to link these two parameters to the magnetic field strength.
Babcock’s star is more massive than the very long-period ob-
jects, and its rotation rate, corrected for mass, is therefore
actually lower, and it was braked more efficiently owing to
its very strong magnetic field. Thus, an anticorrelation be-
tween magnetic field and rotational velocity is observed: the
stronger the magnetic field, the slower the rotation (in a rela-
tive sense). In addition, we have presented several good can-
didates for exhibiting extraordinarily strong magnetic fields
that might even exceed the one observed in Babcock’s star.
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